The molecular-targeted agent sorafenib is the first anticancer agent able to slow the progression of advanced/metastatic renal cell carcinoma, a tumor that was formerly refractory to conventional therapy. Experience from everyday clinical practice and investigations exploring the suitability of this agent for patients with harmful pathological conditions has extended the use of sorafenib to other settings of renal cell carcinoma and to particular risk populations. The aim of this review is to provide evidence on the most effective and safe use of sorafenib. The review pays particular attention to patients who have several comorbidities, such as impaired renal and cardiac function, and older patients whose frailty due to impaired organ function necessitates the most careful administration of targeted antineoplastic agents.
Introduction
Seven years ago, the introduction of the moleculartargeted agent sorafenib was a breakthrough in oncologic therapy and a fundamental step forward in the treatment of advanced/metastatic renal cell carcinoma (mRCC) . Sorafenib has led to disease control or progression slowdown in a consistent patient population formerly resistant to almost all available therapeutic approaches, such as chemotherapy and radiotherapy, and in a minority sensitive to cytokines [Escudier, 2011] . Since the introduction of sorafenib, several other targeted agents for the treatment of mRCC have been introduced into clinical practice. However, phase III randomized studies have not identified which drug confers the most benefit and which patient population benefits most, so physicians have moved from lacking any therapeutic means to questioning which one of several might be the best. The extensive use of sorafenib in clinical trials and clinical practice has generated a large amount of data that provided detailed information on the activity and safety of this drug, even in highly dissimilar patient populations with varying treatments.
The aim of this review is to weigh the current evidence concerning therapy with sorafenib in patients with mRCC, particularly focusing on frontline treatment in selected patient populations, sequential therapy with similar molecules, and use in patients with particular clinical profiles.
General overview of sorafenib characteristics
Based on the results of phase III randomized studies, US and European regulatory authorities approved sorafenib as the first oral multikinase inhibitor for the treatment of mRCC [Escudier, 2011] . Sorafenib is a dual-action, multitarget, tyrosine kinase inhibitor directed against several kinase receptors involved in tumor cell proliferation and tumor angiogenesis, such as Raf kinases, vascular endothelial growth factor receptor 2, vascular endothelial growth factor receptor 3, plateletderived growth factor receptor β, c-KIT, and FLT-3 [Wilhelm et al. , 2008 .
Phase I
The efficacy and safety of sorafenib have been initially evaluated in a series of phase I studies that tested different dose levels in patients with advanced and refractory solid tumors [Awada et al. 2012; Clark et al. 2005; Moore et al. 2005; Strumberg et al. 2005] . In all studies, sorafenib was well tolerated when administered twice daily at doses up to 400 mg, generally displaying mild to moderate and manageable toxicity. In addition, the drug showed a substantial antitumor activity chiefly characterized by disease stabilization and tumor shrinkage [Awada et al. 2012; Clark et al. 2005; Moore et al. 2005; Strumberg et al. 2005 ].
Phase II
The first pivotal phase II study was undertaken as a randomized discontinuation trial, a study design considered innovative at the time [Ratain et al. 2006 ]. In the space of 12 weeks (run-in phase), 202 patients with mRCC received 400 mg of sorafenib twice daily. At the end of this period, patients showing tumor burden reductions of at least 25% (n = 73; 36%) continued treatment with sorafenib, whereas patients with progressive disease or increased tumor burden of 25% or more (n = 51; 25%) discontinued the study. The remaining patients with stable disease (fluctuations of tumor size of 25% or more compared with baseline), who were still potentially considered to be responders (n = 69; 34%), were randomized to receive either sorafenib or placebo for another 12 weeks. The primary endpoint of the study was the percentage of patients who were progression free 12 weeks after randomization. At that time, 50% (16 of 32) of the patients treated with sorafenib and 18% (6 of 33) of the patients in the placebo group were progression free (p = 0.007). Median progression-free survival (PFS), a secondary endpoint, was 24 weeks in the sorafenib group and 6 weeks in the placebo group (p = 0.0087) [Ratain et al. 2006 ].
Phase III
The international pivotal randomized, placebocontrolled phase III study (Treatment Approaches in Renal Cell Cancer Global Evaluation Trial -TARGET) accrued 903 patients with inoperable mRCC from 117 oncology institutions throughout 19 countries [Escudier et al. 2007a] . Selection criteria included patients progressing after firstline treatment with cytokines [interferon or interleukin-2 (IL-2)] or conventional chemotherapy with a life expectancy of at least 12 weeks, Eastern Cooperative Oncology Group (ECOG) performance status 0-1, and low or medium Memorial Sloan-Kettering Cancer Center prognostic risk factors. Patients were randomly allocated to treatment with sorafenib at a dose of 400 mg twice daily (n = 451) or placebo (n = 452), which was orally administered continuously until disease progression, unacceptable toxicity, or patient's consent withdrawal. The primary endpoint of the study was overall survival (OS); the secondary endpoints were PFS and disease control rate [Escudier et al. 2007a] .
A preplanned interim analysis carried out as soon as 363 patients had progressed showed a statistically significant advantage in terms of median PFS for sorafenib (5.5 months) compared with placebo (2.8 months) [hazard ratio (HR) 0.44; 95% confidence interval (CI) 0.35-0.55; p < 0.000001], with a 56% progression risk reduction. In light of this evidence, a protocol amendment by the regulatory authorities for ethical principles was applied; blindness suppression allowed patients in the placebo group to benefit from active treatment with sorafenib (crossover) [Escudier et al. 2007a ].
Overall survival
The first preplanned survival analysis was carried out immediately after 48% of patients initially randomized to treatment with placebo were shifted to treatment with sorafenib [Escudier et al. 2009a] . At that time, 220 deaths were recorded: 97 deaths (22%) in the sorafenib group and 123 deaths (27%) in the placebo group. Treatment with sorafenib was distinguished by an improvement in OS (HR 0.71; 95% CI 0.54-0.94; p = 0.015). Six months after the crossover, the total number of deaths was 367: 171 deaths in the sorafenib group and 196 deaths in the group initially assigned to placebo. Median OS was 19.3 and 15.9 months for the two groups, respectively, with a statistically significant advantage in favor of sorafenib (HR 0.77; 95% CI 0.63-0.95; p = 0.02); nevertheless, this result did not fulfill the predefined significance limits fixed by the study (O'Brien-Fleming threshold for statistical significance: p = 0.0094) [Escudier et al. 2009a] .
At the final analysis, the total number of deaths was 561: 278 deaths in the sorafenib group and 283 deaths in the group initially assigned to placebo, with median survival of 17.8 and 15.2 months, respectively (HR 0.88; 95% CI 0.741-1.04; p = 0.146). It clearly follows that the protocol amendment set for ethical reasons negated the possibility of a true and clear-cut evaluation of survival in the study, which was severely biased by the confounding effects due to the shift of patients initially randomized to treatment with placebo to treatment with the active drug. However, if these patients are excluded from the analysis, sorafenib is found to induce a statistically significant benefit in terms of survival compared with placebo [Escudier et al. 2009a ]. In addition, sorafenib yielded a good objective response chiefly characterized by a prevalence of stable disease; disease control was seen in 80% of treated patients. The patients tolerated the drug well; mild to moderate and manageable adverse effects chiefly consisted of skin reactions, gastrointestinal disturbances, and cardiovascular effects, of which hypertension was the most frequent and severe [Escudier et al. 2009a ].
Sorafenib in everyday clinical practice
To collect data on the characteristics and role of the drug in clinical practice, the efficacy and safety of sorafenib have been evaluated in two large expanded-access studies, in North America (North American Advanced Renal Cell Carcinoma Sorafenib Study -NA-ARCCS) and Europe (European Advanced Renal Cell Carcinoma Sorafenib Study -EU-ARCCS), on a total of 3500 patients with mRCC [Beck et al. 2011; Stadler et al. 2010] . A third, recently concluded study in Europe, the Asia-Pacific area, and Latin America (Patient Characteristics in Renal Cell Carcinoma and Daily Practice Treatment with Sorafenib -PREDICT) supplied additional information on the efficacy and safety of sorafenib [Jäger, 2012] .
In the EU-ARCCS, which was carried out in 11 European countries, sorafenib was administered to 1145 patients with mRCC who relapsed after previous systemic treatment with cytokines or other targeted agents or with mRCC that from the beginning was not amenable to any other treatment [Beck et al. 2011] . Baseline inclusion criteria required ECOG performance status 0-2 and life expectancy of at least 2 months; following a protocol amendment, patients with asymptomatic brain metastases were also included [Beck et al. 2011] . Continuous twice-daily 400 mg doses of sorafenib were administered until disease progression or unacceptable toxicity occurred. The endpoints of the study were safety, PFS, and disease control rate. The results are completely in line with those of the TARGET study: PFS was 6.6 months (95% CI 6.1-7.4); stable disease was observed in most patients (86%), with only 4% partial or complete responses, while 10% had disease progression. The safety profile was similar to that recorded in the developmental or registration studies [Beck et al. 2011] .
The inclusion criteria of the NA-ARCCS, which were less strict than those of the TARGET phase III pivotal study, allowed the accrual of 2504 patients. Among these patients, different subgroups were identified, such as older patients, patients with non-clear-cell histology (n = 202), and patients with active brain metastases or in progression, previously treated (n = 1255) or not previously treated (n = 1247) with systemic therapy. The efficacy and safety analysis was carried out on the whole sample and on different subgroups. When sorafenib was marketed in the United States 6 months after the beginning of the study, the expanded-access program was closed, and the 328 patients who had non-clear-cell histology or who had been treatment naive until they were accrued were shifted to another open study for another 6 months of treatment. Therefore, for the remaining patients representing most of the sample, the median duration of treatment was limited to only 12 weeks (range <1-81 weeks). Consequently, the value of PFS in this study is not comparable to the PFS values recorded in other studies with stricter methodology . Despite this limitation, among 1891 patients evaluated for response, stable disease was observed in 80% (n = 1891), and partial response was observed in 4% (n = 67). In the subgroups identified as previously treated with cytokines or not previously treated with cytokines, as well as in other subgroups, efficacy and safety data were similar to those in the TARGET study. This finding confirms the antitumor activity and good safety profile of sorafenib in a more heterogeneous patient population than the selected population included in the pivotal phase III study ].
The PREDICT study, carried out in 592 centers throughout 18 countries, allowed further evaluation of the efficacy and safety of sorafenib in everyday clinical practice [Jäger, 2012] . The main endpoint of the study was tumor status evaluation after approximately 3, 6, 9, and 12 months [ClinicalTrials.gov identifier: NCT00895674]. Other endpoints were treatment duration, safety, PFS, metastatic progression, and performance status deterioration. All endpoints were assessed at 3, 6, 9, and 12 months after the initiation of treatment. Data on patients showing characteristics considered criteria for exclusion in other studies were accrued. The available data showed that full-dose administration of 400 mg of sorafenib twice daily was achieved in most patients (91%), and treatment lasted 12 months or even longer for approximately 25% of these patients. The treatment was well tolerated; adverse effects included hand-foot skin reaction (20%), diarrhea (17%), rash (9%), alopecia (6%), hypertension (4%), and fatigue (3%). Treatmentrelated adverse effects have been documented in less than 5% of patients [Jäger, 2012] .
Frontline treatment
Based on the evidence submitted, the US Food and Drug Administration (FDA) approved sorafenib for the treatment of all patients with mRCC, whether or not they were treatment naïve [US Food and Drug Administration, 2007] . In contrast, the European regulatory authorities approved the drug for patients who relapsed after treatment with cytokines, allowing front-line treatment only to patients considered unsuitable for such therapy [European Medicines Agency, 2006] . However, because the number of patients who are intolerant of, or potentially ineligible for, immunotherapy is somewhat large [Zustovich et al. 2011] , the role of sorafenib as a frontline treatment became more and more extended in clinical practice.
In addition to the speculation previously mentioned, experimental evidence supports the role of sorafenib in the frontline setting [Bellmunt et al. 2010a; Escudier et al. 2012; Kirchner et al. 2010; Zustovich et al. 2011] . Following the disappointing results of the early phases of the drug's development in a head-to-head study comparing sorafenib and interferon, which showed no differences between the two drugs, especially in terms of PFS [Escudier et al. 2009b , a series of subsequent investigations have contradicted this initial finding (Table 1 ). In two recent comparative studies conducted during the development of two new targeted agents (AMG386 and tivozanib), sorafenib was the reference drug in the frontline treatment: in both studies, PFS with sorafenib was definitely higher than that initially reported and was in line with that observed for the competitors [Aveo-Astellas, 2011; Rini et al. 2011b ]. As a result, the guidelines of the most reliable international scientific organizations and scientific societies have acknowledged the role of sorafenib as a frontline treatment in different types of mRCC and different patient populations. The National Comprehensive Cancer Network guidelines authorize the use of sorafenib for selected patients with mRCC, particularly patients with clearcell-prevalent histology [National Comprehensive Cancer Network, 2012] . European Organisation for Research and Treatment of Cancer guidelines [De Reijke et al. 2009 ] consider the use of sorafenib (level of evidence 2A) for individual patients at risk of cardiac toxicity and older patients. An International Society of Geriatric Oncology position paper ], emphasizing the importance of tailoring the treatment of older patients based on comorbidities, suggests the use of sorafenib as frontline therapy (level of evidence 2B). Two randomized phase II studies were undertaken to evaluate the role of sorafenib in association with interferon-α and IL-2, respectively. Both trials failed to demonstrate an improvement in PFS from the combination of sorafenib plus cytokines compared with sorafenib alone [Jonasch et al. 2010; Procopio et al. 2011a ].
Sequential treatment
The therapeutic approach based on sequential administration of different targeted agents has recently gained interest among physicians. In response to the previously unhoped-for results obtained with these new agents, which led to appreciable periods of disease control (PFS), investigators immediately looked forward to the possibility of further strengthening such results [Sonpavde et al. 2012] . Following the first observations showing that patients with mRCC with good or intermediate prognosis who were relapsing from sunitinib were able to respond to sorafenib or vice versa -thus pointing out a lack of cross resistance between these two most commonly administered drugs -a series of retrospective analyses and prospective investigations, most concerning sorafenib and sunitinib, have been carried out ] (level of evidence 2B). A retrospective analysis of a large cohort of patients having mRCC (333 cases treated with different sequences of therapies) identified the same OS independently of the sequences used (sunitinib followed by sorafenib or vice versa, or other targeted agents used sequentially) [Procopio et al. 2011b ].
Retrospective evaluation of sequential treatment with sorafenib and sunitinib in different institutions (Table 2) seems to indicate that the sequence sorafenib to sunitinib is more beneficial in terms of PFS than sunitinib to sorafenib . A recent meta-analysis of available studies identified a global PFS benefit of 15.3 months for the sequence sorafenib to sunitinib, compared with 13.4 months for the sequence sunitinib to sorafenib (p = 0.006) [Liewen et al. 2012 ]. These findings are highly biased by an inadequate methodologic approach due to randomness in the allocation of both patients and sequences and therefore need to be confirmed through well designed randomized studies; however, a possible explanation could have as a reference point the preclinical investigation of Paez-Ribas [Paez-Ribas, 2009; Porta et al. 2010] . It is likely that more evidence about this matter will come from the ongoing phase III randomized crossover study (SWITCH trial) intentionally designed to identify the most appropriate treatment; the study compares the sequence sorafenib to sunitinib and vice versa [ClinicalTrials.gov identifier: NCT01481870].
Other information supporting the role of sequential treatment using tyrosine kinase inhibitors can be drawn from the registration phase III study (AXIS trial), in which patients with mRCC previously treated with cytokines or tyrosine kinase inhibitors have been randomly allocated to treatment with either axitinib or sorafenib, the latter taken as the reference drug [Rini et al. 2011a] . A significant improvement in median PFS was reported in the entire study population in favor of the axitinib arm versus the sorafenib arm (6.7 months compared with 4.7 months respectively; HR 0.665). The subgroup analysis carried out in each experimental group in patients previously treated with sunitinib showed less benefit in terms of PFS prolongation (4.8 months for patients treated with axitinib and 3.4 months for patients treated with sorafenib); in both cases, however, these benefits appear lower than the scan interval time of 8 weeks set in the study protocol [Rini et al. 2011a] . The final analysis of the AXIS study This finding seems to be in line with previous observations [Procopio et al. 2011b ]. Although it is now clear that different drugs are able to induce different benefits in PFS, these different approaches do not seem to affect the final OS data. Therefore, despite the more or less consistent prolongation of global PFS achieved with the sequential use of targeted agents, data supplying convincing and definite answers concerning the impact of this advantage on patient OS are not yet available. Indeed, OS remains a fundamental discriminating factor in the value of sequential treatment; a prolongation of PFS that is restricted to a possible and temporary amelioration of a patient's quality of life is one thing, whereas the chance to add years to that life is quite another.
Use of sorafenib in selected patient populations
Older patients According to epidemiologic data, the occurrence of renal cell carcinoma (RCC) is particularly high in patients older than 65 years, with an incidence diagnosis rate exceeding 25%. The therapeutic approach for these patients calls for caution based on their general physical decline and frequent comorbid conditions . Chiefly for regulatory reasons, most studies of the development of targeted agents for RCC have been undertaken in selected populations that seldom include older patients (Table 3 ). The experimental protocol of the randomized placebocontrolled pivotal phase III study (TARGET) with sorafenib did not include an age limit [Bellmunt et al. 2010a] , however, so it has been possible to obtain preliminary information about the efficacy and safety of this agent in the older population. Of 903 patients randomized to receive either sorafenib or placebo, 13% were older than 70 years (two patients were 80 and 86 years old); among patients treated with sorafenib, efficacy in terms of both PFS and disease control was equal in older and younger patients (PFS 26.3 weeks compared with 23.9 weeks respectively, not significant; clinical benefit 84.3% compared with 83.5% respectively, not significant) [Eisen et al. 2008] . Similarly, no differences between older and younger patients have been recorded in regard to type and severity of adverse effects, which generally are grade 1-2 severity and chiefly consist of diarrhea, alopecia, fatigue, anorexia, and skin reactions (level of evidence 2B) [Eisen et al. 2008 ]. This initial evidence has been subsequently substantiated in larger studies using sorafenib in conditions fully corresponding to everyday clinical practice, such as the European (EU-ARCCS) and American (NA-ARCCS) expanded-access studies, which accrued 1145 and 2504 patients respectively, and the PREDICT study. The subgroup analysis of older patients in the EU-ARCCS study found a PFS trend in favor of older patients compared with younger ones (8.2 months compared with 6.4 months respectively), with clinical benefit and toxicity rates fully superimposable between the two populations [Beck et al. 2011] . Similarly, in the NA-ARCCS study, the disease control rate and treatment safety observed in older patients were comparable to those of the whole population accrued . In contrast, preliminary data from the PREDICT study show a median PFS for older patients that is slightly lower than for the general population (6.1 and 7.8 months respectively), with a higher incidence of drugdose reductions [Jäger, 2012] .
Renal failure
Age-related risk factors such as hypertension and diabetes, as well as situations that result from single or bilateral surgical intervention, are the main factors responsible for the onset of renal failure. The condition occurs in a considerable percentage of patients with renal carcinoma, particularly older patients [Parsa et al. 2009 ]. Altered renal function is difficult to overcome because most of the drugs used to treat it cannot be administered along with drugs to treat RCC, or their doses must be significantly reduced [Parsa et al. 2009 ]. Sorafenib may play a key role in the treatment of this patient population because of its metabolic pathway, which is predominantly hepatic; pharmacokinetic investigations show few changes in the drug profile in patients with renal impairment [Escudier, 2011] . Case studies and a retrospective survey have validated the pharmacokinetic data, confirming the potential use of sorafenib in patients with mild to moderate renal insufficiency and in whom dialysis is not a contraindication to therapy (level of evidence 3A) [Castagneto et al. 2011; Masini et al. 2012; Parsa et al. 2009; Ruppin et al. 2009; Shinsako et al. 2010] . However, in patients with altered renal function, careful selection and watchful monitoring to ensure that doses are adjusted at the right time are strongly recommended.
Cardiac failure
Several tyrosine kinase inhibitors carry an increased risk of cardiovascular adverse effects, including heart failure, myocardial ischemia, and hypertension, the latter being the most frequent [Cheng et al. 2011] . The summary of product characteristics for sorafenib (http://www.ema.europa.eu/docs/ en_gb/document_library/epar__product_information/human/000690/wc500027704.pdf) reports an onset of hypertension, generally mild to moderate and particularly occurring during the first weeks of treatment, which is usually easily controlled with standard antihypertensive therapy. Referring to the pivotal randomized placebo-controlled phase III study (TARGET), the summary of product characteristics for sorafenib also reports a slightly higher risk of ischemic heart disease and myocardial infarction in patients treated with sorafenib (2.9%) compared with patients treated with placebo (0.4%). Even though the sorafenib-induced risk of cardiac events appears lower and more manageable in comparison with competitors [Bellmunt et al. 2010a; Cheng et al. 2011; Escudier et al. 2012; Orphanos et al. 2009 ], ethical principles and precautionary measures call for careful consideration of patients, particularly those with preexisting risk. In addition, older patients with ejection fractions lower than 40% should be excluded because of elevated risk [Dutcher et al. .
The outcomes of a phase I trial with 53 patients with advanced malignancies and concomitant cardiovascular risks that was specifically designed to characterize and assess the safety of sorafenib [Tolcher et al. 2011 ] are worth mentioning. The main inclusion criteria were ejection fraction 45% or higher, QT interval corrected for heart rate (QTc) less than 500 ms, and hypertension even controlled with medical therapy (systolic blood pressure 170 mmHg or below, diastolic blood pressure 100 mmHg or below). Cardiovascular safety was evaluated by QT/QTc modifications assessed by electrocardiography, changes of ejection fraction, blood pressure, and heart rate [Tolcher et al. 2011] . The results of the trial show that treatment with sorafenib in continuous dosing induced modest effects on cardiovascular parameters essentially without clinical significance. However, to be completely safe and to maximize the clinical benefit of sorafenib, the authors recommend the correct management of cardiac comorbidities, active surveillance, and timely measures in case of onset of cardiac toxicity signs [Tolcher et al. 2011] . It is extremely important to point out the reversibility of these adverse effects. Nevertheless, once a drug-related cardiotoxic event clears up, the balance between the expected benefits of the targeted therapy and the risk of onset of new events should be carefully assessed; subsequently, many patients may continue the treatment at lower doses without the risk of further cardiovascular damage.
Conclusions
The introduction of sorafenib into the medical treatment of mRCC represents a fundamental turning point (Table 4 ). Following the undeniable evidence supplied by the pivotal randomized phase III study that led to the acknowledgment and approval of the drug by the main international regulatory authorities, a series of enlarged and specific studies allowed better characterization and positioning of sorafenib in everyday medical practice, thus optimizing its use in different situations and patient populations. The scientific community can rely on several new targeted agents, all of which have remarkable and unquestionable attributes. Despite these advances, sorafenib represents a substantial reference point, particularly because of its safety profile that allows the maintenance of nearly steady drug-dose levels even in high-risk populations, thus positively affecting efficacy. The ability to treat patients with altered renal function or cardiovascular disturbances, as well as older patients with reduced organ function, cannot be undervalued. Low rates of dose reduction and treatment withdrawal are reported in the clinical investigations of sorafenib; a high level of compliance with treatment has also been observed with this drug, which can be considered the litmus paper of patient product acceptance. Emphasizing that adherence to the recommended dosage is fundamental to clinical success, Bellmunt and colleagues pointed out that the continuous-dosing schedule of sorafenib Table 4 . Key points and current scenario in renal cell carcinoma medical therapy based on expertise of our institution.
Key issues
Analysis of the therapeutic scenario for mRCC is complicated by heterogeneity in both the disease and the population enrolled in studies. Seven targeted agents have been shown to improve the prognosis of advanced-stage mRCC.
No agent or therapeutic sequence has been observed to be superior to the others in extending survival. Therefore, optimization of medical treatment tailored to patient characteristics and disease is strongly recommended.
Both clinical studies and practice have validated the role of sorafenib in patients with mRCC in different populations and lines of treatment. Thus, sorafenib is a good option because of its tolerability profile and efficacy.
mRCC, metasatic renal cell carcinoma.
makes the drug easier to manage and offers more consistent control of patient care [Bellmunt et al. 2010a ]. These characteristics, along with proved efficacy in frontline treatment and in patients relapsed after previous treatment with other targeted agents, make sorafenib a mainstay in the treatment of mRCC.
